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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Application No. 2002-42488, filed July 
19, 2002, in the Korean Intellectual Property Office, the disclosure of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a disk clamp of a hard disk drive, and more 
particularly, to a disk clamp of a hard disk drive in which stress applied to a disk can be 
distributed uniformly in a radial direction. 

2. Description of the Related Art 

[0003] Hard disk drives (HDDs) are auxiliary memory devices of a computer which record 
and reproduce data on and from a disk by using a magnetic head. FIG. 1 is an exploded 
perspective view illustrating a conventional hard disk drive. FIG. 2 is a vertical sectional view of 
the hard disk drive shown in FIG. 1. 

[0004] Referring to the drawings, the hard disk drive includes a housing 10, a spindle motor 
30 installed in the housing 10 and rotating a magnetic disk (hard disk) 20, and an actuator 40 
having a magnetic head to record data on the disk 20 and reproduce data from the disk 20. 

[0005] The housing 10 installed in a main body of a computer includes a base plate 11 to 
support the spindle motor 30 and the actuator 40, and a cover plate 12 coupled to the upper 
portion of the base plate 11 and protecting the disk 20 by encompassing it. Typically, the 
housing 10 is made of stainless steel or aluminum. 

[0006] The spindle motor 30 to rotate the disk 20 is installed on the base plate 11. A shaft 32 
of the spindle motor 30 is fixedly installed. A hub 36 is rotatably installed at the outer 
circumference of the shaft 32 generally by interposing a bearing 34 between the hub 36 and the 
shaft 32. The disk 20 is inserted around the outer circumference of the hub 36. 
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[0007] The disk 20 is a recording medium for recording data and one or a plurality of disks 
may be installed by being separated by a predetermined distance from each other to be 
rotatable by the spindle motor 30. When a plurality of the disks 20 are installed at the spindle 
motor 30, a ring type spacer 50 is inserted between the disks 20 to maintain a gap between the 
disks 20. A disk clamp 60 for affixing the disks 20 firmly to the spindle motor 30 is coupled to an 
upper end portion of the spindle motor 30 by a screw 70. 

[0008] The actuator 40 may be rotated by a voice coil motor 48 around a pivot shaft 47 
installed on the base plate 11 . The actuator 40 includes an arm 46 coupled to the pivot shaft 47 
to allow the arm to pivot and a suspension 44 installed at the arm 46 and supporting a slider 42 
on which a magnetic head (not shown) is mounted, thus elastically biasing the slider 42 toward 
a surface of the disk 20. When the power is turned on and the disk 20 begins to start turning, a 
lifting force by air pressure is generated, and accordingly, the slider 42 is lifted. Since the slider 
42 is lifted at a height where the lifting force by the rotation of the disk 20 and an elastic force by 
the suspension 44 are balanced, the magnetic head mounted on the slider 42 maintains a 
predetermined distance with the disk 20 that is rotating and records and reproduces data with 
respect to the disk 20. 

[0009] In the hard disk drive, data recording and reproduction is carried out by the magnetic 
head lifted above the disk 20 which rotates at a high speed, at a very small interval from the disk 
20. Thus, a defect in the flatness of the disk 20 itself or a defect in the flatness of the disk 20 
generated in an assembly step may be a major factor which causes an error signal when data is 
recorded on or reproduced from the disk 20. In particular, the defect in the flatness of the disk 
20 generated in the assembly step may be caused by irregular distribution of stress applied to 
the disk 20 by the disk clamp 60. 

[0010] FIG. 3A shows an example of a conventional disk clamp. Referring to the drawing, an 
opening 62 is formed at the center of the disk clamp 60 and a plurality of screw coupling holes 
64 are concentrically formed outside the opening 62. When eight screw coupling holes 64 are 
provided, for example, screws are coupled to alternate screw coupling holes 64 so that a total of 
four screw coupling holes 64 are coupled by the screws. A pressing portion 68 for pressing the 
upper surface of the disk 20 in a vertical direction is formed at the outer circumferential portion 
of the disk clamp 60. 
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[001 1] When the disk clamp 60 is coupled to the spindle motor 30, stress due to a clamping 
force by the screws is applied to a contact portion (not shown) between the pressing portion 68 
of the disk clamp 60 and the disk 20. Here, the stress concentrates on the screwed portion and 
the stress is directly transferred to the disk 20. Thus, the stress applied to the disk 20 is not 
uniformly distributed in the circumferential direction. As a result, waviness is generated in the 
disk 20 so that the flatness of the disk 20 is impaired. 

[0012] The defect in the flatness of the disk due to the irregular distribution of the stress 
increases repeatable run out (RRO) during the rotation of the disk. Also, an unscrewing 
phenomenon or a disk slip phenomenon may occur when a mechanical impact or thermal 
impact is received. 

[0013] The disk clamp 60 having the above shape is manufactured by mechanically 
processing metal, for example, stainless steel or aluminum alloy 

[0014] FIG. 3B shows another example of a conventional disk clamp. Referring to the 
drawing, a disk clamp 80 includes an opening portion 82, a screw coupling hole 84, and a 
vertical pressing portion 88, like the disk clamp 60 shown in FIG. 3A. Since the disk clamp 80 
may be manufactured by press processing, the manufacturing cost is lower than the cost of 
manufacturing of the disk clamp 60 of FIG. 3A, which is manufactured by mechanical 
processing. However, the disk clamp 80 shown in FIG. 3B also generates an irregular stress 
distribution in the disk. 

[0015] FIGS. 4A and 4B are a perspective view illustrating yet another example of a 
conventional disk clamp and a vertical section view taken along line A-A of FIG. 4A, 
respectively. 

[0016] A disk clamp 90 shown in FIGS. 4A and 4B was developed to solve the problem of the 
above conventional disk clamp. The disk clamp 90 includes an opening portion 92, a plurality of 
screw coupling holes 94a and 94b, and a pressing portion 98. However, the pressing portion 98 
formed at the outer edge portion of the disk clamp 90 has a profile having a curved shape 
bulged downward, that is, toward the disk. Also, the center portion of the disk clamp 90 has a 
dome shape slightly bulged upward. The height of the outer circumference of the pressing 
portion 98 varies according to the position of the screw coupling holes 94a and 94b. That is, 
when four screws are coupled to alternate screw coupling holes 94a or 94b, a height H^ of the 
outer circumferential portion outside the screw coupling holes 94a where screws are coupled is 
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formed to be greater than a height H 2 of the outer circumferential portion outside the screw 
coupling holes 94b where screws are not coupled. Thus, the height of the outer circumferential 
portion of the pressing portion 98 repeats being high and low at an interval of 90°. 

[0017] In the above disk clamp 90, since the rigidity of the pressing portion 98 varies 
according to the position, a difference in stress between the screwed portion and the unscrewed 
portion may be compensated. Thus, the stress applied to the disk is uniformly distributed in the 
circumferential direction to a degree. 

[0018] However, in the disk clamp 90 having the above structure, since the portion on which 
stress concentrates varies according to the number of the coupled screws, the height of the 
outer circumference of the pressing portion 98 should be designed differently according to the 
change in a clamping force of the screw. Thus, such a disk clamp is difficult to design and 
manufacture and is not commonly available to be used for various types of hard disk drives. 

SUMMARY OF THE INVENTION 

[0019] To solve the above and/or other problems, the present invention includes a disk clamp 
of a hard disk drive having a stress distribution portion which is bulged upward so that' stress 
applied to the disk may be uniformly distributed in the circumferential direction of the disk. 

[0020] According to an aspect of the present invention, a disk clamp of a hard disk drive to 
affix a magnetic disk that stores data to a spindle motor of the hard disk drive, the disk clamp 
comprising a pressing portion formed along an outer circumference of the disk clamp at an edge 
portion, to press an upper surface of the disk in a vertical direction, a stress distribution portion 
formed inside the pressing portion with a profile having a curved shape bulged upward to 
distribute stress applied to the disk, and a plurality of screw coupling holes into which screws 
are inserted to be coupled to an upper end portion of the spindle motor and provided at a 
predetermined distance in a circumferential direction inside the stress distribution portion. 

[0021] The pressing portion may have a profile having a curved shape bulged downward. 

[0022] A radius of the curve of the stress distribution portion is greater than or equal to a 
radius of the curve of the pressing portion. 

[0023] The pressing portion may be continuously formed at the stress distribution portion. 
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[0024] The disk clamp may have the same thickness throughout the entire portion of the disk 
clamp. 

[0025] The disk clamp may have a dome shape whose center portion is bulged upward as a 
whole and, when the disk clamp is coupled to the spindle motor by the screws, the disk clamp is 
made flat as a whole. 

[0026] The disk clamp may be manufactured by press processing a metal material having a 
predetermined elasticity. 

[0027] Thus, since the stress applied to the disk is uniformly distributed in the circumferential 
direction of the disk by the stress distribution portion, flatness of the disk is improved. 

[0028] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

/ 

[0029] These and other aspects and/or advantages of the invention will become apparent 
and more readily appreciated from the following description of the preferred embodiments, 
taken in conjunction with the accompanying drawings of which: 

FIG. 1 is an exploded perspective view illustrating a conventional hard disk drive; 
FIG. 2 is a vertical sectional view illustrating the hard disk drive of FIG. 1; 
FIG. 3A is a partially cut-away perspective view illustrating an example of a conventional 
disk clamp; 

FIG. 3B is a partially cut-away perspective view illustrating another example of a 
conventional disk clamp; 

FIGS. 4A and 4B are a perspective view illustrating yet another example of a 
conventional hard disk drive and a vertical sectional view taken along line A-A of FIG. 4A, 
respectively; 

FIG. 5 is a perspective view illustrating a disk clamp portion of a hard disk drive 
according to an embodiment of the present invention; 

FIG. 6 is a vertical sectional view illustrating a disk clamp portion shown in FIG. 5, which 
shows a state before the screw is coupled to the spindle motor; 
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FIG. 7 is a vertical sectional view illustrating a disk clamp portion shown in FIG. 5, which 
shows a state after the screw is coupled to the spindle motor; and 

FIG. 8 is a graph illustrating the distribution of the stress, according to an embodiment of 
the present invention and according to the conventional technology, wherein the stress acts on 
the disk due to the disk clamp in a direction of the circumference of the disk . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] Reference will now be made in detail to the present preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are described 
below in order to explain the present invention by referring to the figures. 

[0031] Referring to FIGS. 5 and 6, a hard disk drive includes at least one disk 20, a spindle 
motor 30 to rotate the disk 20, and an actuator 40 having a magnetic head (not shown) to record 
data on the disk 20 and reproduce the data from the disk 20. A shaft 32 of a spindle motor 30 is 
fixedly installed. A hub 36 is rotatably installed at the outer circumference of the shaft 32 by 
interposing a bearing 34 between the hub 36 and the shaft 32. The disk 20 is inserted around 
the outer circumference of the hub 36. When a plurality of the disks 20 are installed, a ring type 
spacer 50 is inserted around the outer circumference of the hub 36 to maintain an interval 
between the disks 20. A parking zone 21 where a slider 42 on which a magnetic head is 
mounted is disposed when the power is turned off and the disk stops rotating is provided at the 
inner circumferential side of the disk 20. A data zone 22 where data is stored is provided 
outside the parking zone 21 . The actuator 40 includes an arm 46 installed in the hard disk drive 
to allow the arm to pivot, and a suspension 44 installed at the arm 46 and supporting the slider 
42 having the magnetic head, thus elastically biasing the slider 42 toward a surface of the disk 
20. Since the slider 42 is lifted to a predetermined height from the disk 20 by a lifting force 

> 

generated by the rotation of the disk 20, the magnetic head mounted on the slider 42 records 
and reproduces data with respect to the disk 20 while maintaining a predetermined interval from 
the disk 20 that is rotating. 

[0032] In the hard disk drive having the above structure, a disk clamp 160 according to the 
present invention is used to affix the magnetic disk (hard disk) 20, which is a recording medium 
for recording data, to the spindle motor 30 of the hard disk drive. 
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[0033] The disk clamp 160 includes a pressing portion 168 formed at an outer circumferential 
portion of the disk clamp 160, a stress distribution portion 166 formed at the inner side of the 
pressing portion 168, and a plurality of screw coupling holes 164 provided inside the stress 
distribution portion 166. An opening hole 162 into which the shaft 32 of the spindle motor 30 is 
inserted is formed at the center portion of the disk clamp 160, that is, inside the screw coupling 
holes 164. 

[0034] The pressing portion 168 is formed throughout the entire edge portion along the outer 
circumference of the disk clamp 160 to press the upper surface of the disk 20 in a vertical 
direction. Although the pressing portion 168 may have a flat shape, the pressing portion 
generally has a profile that is bulged downward as shown in the drawing. 

[0035] A plurality of the screw coupling holes 164 are arranged at a predetermined interval in 
a direction along the circumference of the disk clamp 160. A screw 170 coupled to the upper 
end portion of the spindle motor 30 is inserted in a respective screw coupling hole 164. In FIG. 
5, eight screw coupling holes 164 are shown, while four screws 170 are shown. Since this is an 
example of only one embodiment of the present invention, the screw coupling holes 164 and the 
screws 170 may be provided in various numbers. Also, every screw coupling hole 164 is not 
required to be coupled by the screw 170. That is, in the embodiment shown in FIG. 5, only four 
screws 170 may be coupled to alternate screw coupling holes 164, but the present invention is 
not limited to the embodiment shown. 

[0036] The stress distribution portion 166 may be formed with a profile having a shape 
bulged upward between the pressing portion 168 and the screw coupling hole 164 to distribute 
stress applied to the disk 20 in a circumferential direction. Although not shown in the drawing, 
not only one stress distribution portion, but also two or more stress distribution portions may be 
continuously formed. 

[0037] As shown in FIG. 6, in an embodiment of the present invention, the disk clamp 160 
generally has a dome shape such that the center portion thereof is bulged upward as a whole. 
The disk clamp 160 having the dome shape, as shown in FIG. 7, is deformed to be flat as a 
whole because the bulged center portion is pressed by the screw 170 when the screw 170 is 
coupled to the spindle motor 30. Such deformation of the disk clamp 160 transfers the clamping 
force of the screw 170 to the disk 20 more reliably. 
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[0038] When the screw 170 is coupled to the upper end portion of the spindle motor 30, the 
clamping force is transferred to the pressing portion 168 via the stress distribution portion 166 
that is curved. The pressing portion 168 contacts the upper surface of the disk 20 and presses 
the disk 20 downward in a vertical direction. Thus, the stress is applied to a portion of the disk 
20 contacting the pressing portion 168. In other words, stress due to the clamping force 
concentrates on the screw coupling hole 164 coupled to the screw 170. Thus, the stress is 
irregularly distributed in the circumferential direction around the screw coupling hole 164. The 
stress is transferred to the stress distribution portion 166 that is curved. That is, the bending 
radius of the stress distribution portion 166 increases slightly. The stress transferred to the 
curved stress distribution portion 166 is absorbed by the stress distribution portion 166 during 
the deformation step and is distributed in the circumferential direction. Then, the distributed 
stress is transferred to the pressing portion 168, and the pressing portion 168 presses the disk 
20. Accordingly, the stress generated by the clamping force of the screw 170 is not transferred 
directly to the pressing portion 168, but is distributed by the stress distribution portion 166 in the 
circumferential direction, and then transferred to the pressing portion 168. Thus, the stress 
applied to the disk 20 is uniformly distributed in the circumferential direction. 

[0039] As described above, the stress applied to the disk 20 may be uniformly distributed in 
the circumferential direction by the disk clamp 160 according to an embodiment of the present 
invention. Thus, flatness of the disk 20 is improved so that vibration of the disk 20 is lowered, 
and the data recording/reproduction ability of the magnetic head and reliability thereof are 
improved. 

[0040] Also, since the disk clamp 160 according to an embodiment of the present invention 
has the same shape and thickness along the circumferential direction, a uniform stress 
distribution operation may be performed regardless of the number of the screws 170 coupled to 
screw coupling holes 164. Thus, the disk clamp 160 according to an embodiment of the present 
invention may commonly be used for various types of hard disk drives without changing design, 
unlike the conventional disk clamp 90 of FIG. 4A. 

[0041] The disk clamp 160 generally has the same thickness throughout the entire portion 
thereof to prevent stress from concentrating on any one portion of the disk clamp 160, for 
example, a thin portion, during the step of transferring the stress to the disk via the disk clamp 
160. Also, the pressing portion 168 is typically formed to be continuous at the stress distribution 
portion 168. Thus, the deformation of the stress distribution portion 166 and the pressing 
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portion 168 are correlated, and the stress may be smoothly transferred from the stress 
distribution portion 166 to the pressing portion 168. 

[0042] FIG. 8 is a graph illustrating the result of a comparison of the distribution of stress, 
according to an embodiment of the present invention and according to the conventional 
technology, wherein the stress acts on the disk due to the disk clamp in the circumferential 
direction of the disk . 

[0043] In the graph of FIG. 8, a vertical axis indicates a vertical stress applied to the disk at a 
portion where the pressing portion of the disk clamp contacts the disk. A horizontal axis 
indicates a position in the circumferential direction of the disk. In this test, since the disk clamp 
is coupled by four screws at an interval of 90°, a position at an angle of 45° on the vertical axis 
indicates a portion where the screws are coupled and positions at angles of 0° and 90° indicate 
portions where the screws are not coupled. Ri denotes a radius of the curve of the stress 
distribution portion and R 2 denotes a radius of the curve of the pressing portion (refer to FIG. 6). 
Thus, is indicated as "0" to show the result of a test using the conventional disk clamp where 
no stress distribution portion exists, while is greater than or equal to R 2 shows the result of a 
test using the disk clamp according to an embodiment of the present invention. 

[0044] Referring to the graph of FIG. 8, when the disk clamp according to an embodiment of 
the present invention (Ri=R 2 and Ri>R 2 ) is utilized, a difference between the maximum and 
minimum stress is considerably reduced compared to a case in which the conventional disk 
clamp is used (Ri=0). In particular, when a disk clamp in which ^ is greater than R 2 is used, a 
deviation in the stress according to positions is smallest. 

[0045] As a result, a disk clamp having the radius Ri of the curve of the stress distribution 
portion which is greater than or equal to the radius R 2 of the curve of the pressing portion shows 
a superior stress distribution effect. 

[0046] Referring back to FIGS. 5 and 6, since the disk clamp 160 according to the present 
invention has the same thickness throughout the entire portion thereof, the disk clamp 160 may 
be manufactured by a pressing process. That is, by cutting a metal plate member exhibiting a 
predetermined elasticity, for example, aluminum or stainless steel, into a circle, and performing 
a pressing process, the constituent elements of the disk clamp 160, that is, the stress 
distribution portion 166, the pressing portion 168, the screw coupling hole 164, and the opening 
hole 162, may be formed simultaneously. Thus, in the disk clamp 160 according to the present 
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invention, manufacturing costs may be reduced compared to the conventional disk clamp in 
which the constituent elements are manufactured through a mechanical process. 

[0047] As described above, in the disk clamp of a hard disk drive according to an 
embodiment of the present invention, since the stress applied to the disk may be distributed 
uniformly in the circumferential direction of the disk by the stress distribution portion, the flatness 
of the disk is improved. Accordingly, vibration of the disk is reduced, and the data 
recording/reproduction ability by the magnetic head and reliability thereof are improved. Also, 
the disk clamp of the present invention may be commonly used for various types of hard disk 
drives. Furthermore, since the disk clamp of the present invention may be manufactured by 
press processing a metal material, the manufacture of the disk clamp is relatively simple, and 
the manufacturing cost may be reduced. 

[0048] Clearly, the edge portion of the disk clamp may be substantially S-shaped or 
substantially wave-shaped. For example, a substantially S-shaped edge portion may include a 
wavy portion for a top bulge (stress distribution portion) of an S and a wavy portion for a bottom 
bulge (pressing portion) of an S. 

[0049] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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